Background: Diagnostic tests are used frequently in the emergency department (ED) to guide clinical decision
S
tudies of diagnostic accuracy serve to evaluate the diagnostic performance characteristics of new (index) tests for clinical practice. In such studies, the index test result of each case is compared to that of a reference (i.e., "gold") standard in persons presenting with similar conditions. 1 The quantitative measures of diagnostic performance include predictive values, sensitivity and specificity, likelihood ratios, odds ratios (OR), and areas under the receiver-operator characteristics curve. 1, 2 The values of these reported measures influence whether a diagnostic test or strategy is adopted into clinical practice. Erroneously good diagnostic performance evaluations may allow for the inappropriate adoption of some diagnostic tests into clinical management decisions. Similarly, erroneously poor diagnostic performance evaluations can undervalue the results of clinically important diagnostic tests. Either can lead to inappropriate treatment strategies and the potential for harm to patients. 1, 3 In the emergency department (ED), diagnostic tests are used frequently to guide clinical decisions, often on critically ill or injured patients, thereby having a greater impact on clinical outcome. It is therefore essential that diagnostic test evaluation studies for emergency medicine be performed and reported in such a way as to limit bias and ensure the validity of the results in a given patient population. 1 Initially published in 2003 and updated in 2015 by Bossuyt, 1 the Standards for Reporting of Diagnostic Accuracy (STARD) initiative was developed to improve the accuracy of reporting in studies of diagnostic accuracy as a means to assess bias and the generalizability of results-leading to the development of a 25-item and 30-item checklist in 2003 and 2015, respectively. 4 To date, there is general consensus within the literature to suggest that STARD has gradually improved the quality of reporting in studies of diagnostic test accuracy, albeit slowly. 5, 6 A systematic review published by Korevaar et al. 7 investigated adherence to STARD and its effect on reporting quality and concluded that there was an improvement in the quality of diagnostic accuracy studies following the introduction of STARD. This is in keeping with the conclusions made by Selman and colleagues, 8 who demonstrated that there was a statistically significant difference in the quality of reporting in obstetrics studies before and after STARD. 6 The objectives of this study were to determine the extent to which diagnostic studies published in emergency medicine journals adhered to the STARD 2003 published methodologic criteria. Given the development of the STARD 2015, we intend to use this study as the basis for a future analysis to determine whether the amendment to this reporting guideline is associated with a corresponding increase in compliance.
METHODS
This review study assessed and quantified the compliance of diagnostic studies published in eight major, MEDLINE-indexed, peer-reviewed, emergency medicine journals with the STARD 2003 published criteria over a 5-year period.
Ethics
This library-based study was exempt from local, formal ethics review.
Journal Selection
We selected eight MEDLINE-listed, peer-reviewed, emergency medicine journals with the highest impact factor: Annals of Emergency Medicine, Academic Emergency Medicine, American Journal of Emergency Medicine, Resuscitation, Journal of Emergency Medicine, Emergency Medicine Journal, Canadian Journal of Emergency Medicine, and the European Journal of Emergency Medicine (Table 1) .
Data Selection and Abstraction
Two authors (LG, NH) independently performed computerized searches of the eight MEDLINE-listed, peerreviewed journals for all articles published during the 5-year period between January 1, 2010, and December 31, 2014. This period was selected as to not be confounded by the 2015 criteria, and we did not use the 2015 criteria for this study due to factors such as publication lag and uptake of new information. We screened all articles based on title, abstract, and full text (if necessary) and selected only those studies that met our definition of a study of diagnostic accuracy, i.e., an original report of a prospective (observational or experimental) study comparing one or more diagnostic index tests to a reference standard and reporting the results using a measure of diagnostic accuracy (see Table 2 for inclusion and exclusion criteria). Disagreements about selection were resolved by consensus, and further discrepancy was sent for arbitration by a third author (AW). Of the studies deemed eligible (n = 114), a randomized sample was assessed using the STARD 2003 criteria ( Figure 1 ; see Data Supplement S1 [available as supporting information in 
Article Selection and Assessment
We originally estimated that approximately 20 studies from each journal would meet our inclusion criteria for the specified study period. We also estimated that a random sample of 20% of the total would both be representative of the study population and be a manageable number for the reviewers to independently abstract the data and evaluate for compliance with the STARD criteria. We randomly selected approximately 20% of the 114 included studies using an Internetbased, random number generator (www.random.org/ integers/) and the following parameters: min = 1, max = 114, numbers selected = 23. Two authors (LG, NH), each using a computerized data abstraction form, independently evaluated each article. Following article selection and abstraction, two authors (LG, NH) each independently assessed the random sample of included studies using the STARD 2003 25-item checklist. Criteria 13, 23, and 24 are optional criteria and therefore were scored as 1 (adherent) if the criteria applied to the study and the study properly met the criteria, or 0 (not adherent) if criteria did not apply to study or criteria applied to the study but the study did not adhere to the criteria. These criteria were not included in the final analysis. Authors completed these evaluations independently and were blinded to each other's findings.
Data Analysis
For each of the 25 items reported as part of the STARD 2003 checklist, we calculated the percentage of articles that were in compliance (as adherence percentage) with corresponding 95% confidence intervals (CIs). An overall interobserver agreement was calculated with kappa (j) statistic and any disagreements were resolved with an independent third party (AW) blinded to the initial two reviewers' results.
RESULTS
Of the eight emergency medicine journals included, five include the use of STARD guidelines in their "Instructions for Authors" section, including Annals of Emergency Medicine, Academic Emergency Medicine, Emergency Medicine Journal, European Journal of Emergency Medicine, and Canadian Journal of Emergency Medicine.
We identified 114 articles that met our inclusion/ exclusion criteria, representing 0.9% of the 12,649 total articles published in the chosen eight emergency medicine journals for the study period. Of the articles deemed eligible, we randomly selected 20% (n = 23) of these studies for assessment using the STARD 2003 criteria (Table 3) . Of the studies selected, only four articles (ID 7, 51, 60, and 106) referenced Table 5 ).
DISCUSSION
First published by Bossuyt in 2003, 1 the STARD initiative attempted to rectify the suboptimal reporting of diagnostic accuracy studies in the literature. At its core, STARD functions to provide readers with a tool for critical appraisal to better assess the potential for bias (internal validity) and the generalizability of results (external validity). However, despite formally being endorsed by the International Committee of Medical Journal Editors in February 2006, 9 a search of the literature reveals that there remains room for Our sample size and distribution of articles per journal precluded us from stratifying by journal or any other independent variable. However, our intention was not to determine each journal's level of compliance with STARD but rather to create an overview of the compliance with STARD reporting in the emergency medicine literature. Of the 23 articles included in our present analysis, we determined that only 14 of the 25 STARD 2003 criteria were reported with >80% adherence. Of the remaining criteria, eight were shown to have <60% adherence. These results appear to correspond with other conclusions described in the literature that there remains room for improvement in the reporting diagnostic accuracy studies. 5, 10 While strictly following guidelines such as STARD may limit scientific diversity and creativity by restricting authors to conduct research in a particular manner, these guidelines ultimately improve both research transparency and cross-disciplinary translation of research. Failing to adhere to guidelines such as STARD may also introduce a variety of diagnostic biases. 11 For example, by not indicating the time frame between index test and reference standard and whether treatments were administered between (criterion 17), it is difficult to determine if there was an incorporation bias, and thus, one cannot know if the results of the index test played a role in the assessment by the criterion standard if the two tests were not administered simultaneously. Similarly, by not explicitly describing how study participants were included into the data (criteria 5) or not reporting how missing responses, indeterminate results, and outliers were handled (criteria 22), one cannot assess the extent of a potential selection bias and partial verification bias. Adhering to STARD allows these biases to be addressed and therefore strengthen the internal validity of the study.
It should be noted that noncompliance with reporting of STARD criteria does not necessarily mean that the investigators did not perform or comply with the methodologic requirements, only that they failed to report them. However, as readers are only able to interpret the study on the basis of what is reported, a lack of explicit reporting on some criteria makes it difficult for the reader to evaluate the validity of the study results. Regardless, standardized and comprehensive reporting of scientific investigations is necessary is a minimum requisite for replication and adjudication. It is feasible that a requirement for authors to embed the STARD checklist within their manuscripts with directions to the relevant information will improve compliance and facilitate adjudication. Therefore, by promoting higher standards of reporting, we might also promote higher standards of conducting studies of diagnostic accuracy.
LIMITATIONS
The primary limitation to this study was the abstractors' awareness of the study objective, introducing the potential for bias and artificially low adherence rates. However, given that data abstraction was performed in isolation and was associated with a high interobserver agreement, we feel that the potential for bias impacting the study results is low.
Furthermore, while we were able to determine which journals currently reference adherence to STARD criteria in their instructions to authors, we were unable to receive confirmation from journal editors about which year this instruction was implemented. As a result, it is possible that diagnostic study articles published prior to this implementation may be less likely to adhere to the STARD criteria. Consequently, these articles may have lower STARD adherence rates overall.
CONCLUSION
Given that diagnostic tests published in peer reviewed emergency medicine journals might guide clinical decision making in the acute care setting; the potential exists for poorly reported studies to impact on clinical outcomes. Without good reporting, it becomes difficult to assess the quality and validity of a study and, subsequently, makes the translation to clinical practice difficult. It is, therefore, essential that these studies of diagnostic test accuracy be performed and reported properly to limit bias and ensure appropriate generalizability of results. With the recent release of the updated STARD 2015 guideline, future analysis to assess whether this amendment is associated with improved compliance is justified and warrants further evaluation.
